Abstract This paper introduces a simple new procedure approach to determine the permittivity of dielectric slabs. The method uses a parallel plate waveguide which supports a TEM mode. The presence of the dielectric slab placed at the bottom of the waveguide makes the speed of the TEM wave slower. The relationship between the change of the speed and the permittivity of the dielectric slab allows the determination of the permittivity. The relationship is analyzed electromagnetically, and the results of measurements are in good agreement with the analysis.
Ⅰ. Introduction
The measurement of permittivity of dielectric material is an important task in microwave engineering for a wide range of applications. A variety of permittivity measurement methods have been proposed in the past [1] - [7] . For wideband measurement, the transmission/reflection method is generally employed [2] - [3] . Such techniques measure the transmission and reflection coefficients for a section of transmission line filled with a dielectric sample. Resonant methods are more reliable when the characteristic of the sample is needed in a narrow band with high accuracy [4] - [7] . There, the permittivity of a sample is evaluated from the shift of resonant frequency. Both procedures require large amounts of time to prepare the sample in a regular geometry and to install and uninstall it in the transmission line or resonant cavity, etc. can be easily calculated by [8] , but the propagation constant of PWD (bPWD) is unknown.
(1)
Since the assumption of thin sample, it can also be assumed that the propagation mode in the PWD is TEM. Therefore the bPWD is expressed by (2) . Here, the effective permittivity of the inhomogeneous media in the PWD (eeff) is unknown. In order to get the eeff, Gauss' law is employed at the cross section of PWD (Fig. 2) . If the electric flux electric field intensity in the air (E0 )is 1/e0 V/m and the electric field intensity in the dielectric material (Ed)is1/ed V/m (Fig 2b) , where e0 and ed are the permittivity of air and the dielectric, respectively. The average electric field intensity (Eavg)between two plates can be calculated by (3) . Then the eeff can be calculated by (4) applying the relation between D and Eavg.
Applying above equations, it is possible to draw a graph which shows the relation between Df and ed with fixed sample thickness and length (Fig. 3) . The thickness and length of sample for drawing this graph are 0.816 mm and 20 cm, respectively.
Ⅲ. Experimental Validation
The PPW employed for this experiment is shown in (Fig. 4) . The experiment was performed at 1.37 GHz with an insertion loss of 1.7 dB, as the higher frequency produces a larger phase difference.
Three dielectric slab samples were measured to validate our method. The permittivity(ed), the thickness(t), and the length(ld) of the samples are shown in Table I . The names F, T, and R mean FR4, TMM6, and RO4003C samples, respectively, and the numbers mean the length of the samples in cm.
The f21 of the PPW and PWDs around 1.37 GHz are shown in Fig. 5 . Measured Df with R20 was 10.11 o , which means the measured permittivity is 3.55 (Fig.3) .
The results and errors are shown in Table II .
Calculated Df are calculated from the ed in Table I .
Because the permittivity of FR4 is not fixed at a specific value, the error for F10 is not shown but the measured value of permittivity is in the region typical FR4 permittivity. The results for T15.8 and R20 also agree with the specifications. It is forecasted that the error is from not considering the fringing field effect. 
Ⅳ. Conclusion
A new approach to measure the permittivity of dielectric slabs using a PPW has been presented. The measurement procedure is very simple and sample preparation is less complicated. The theory has been verified through experimental measurements. This theory can also be applied to measure the thickness of dielectric material of which permittivity is known [9] .
Future work should consider broad band measurement applying some matching techniques for PPW, such as a double-sided parallel-strip line [10] , and error reduction through fringing field analysis. 
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